INTRODUCTION
The behavior of cells in vitro is known to be regulated in part by the strength of the attachments of cells to each other (1) and to the substrata upon which the cells grow (2) . Although many external factors are known to influence attachment of cells to various substrata (3), morphologic observations of the attachment zone have not been reported. In the present study a method is described which permits examination of the attachment zone in a relatively undisturbed condition. We have demonstrated by electron microscopy that an extracellular material is present at the cell-substratum interface.
MATERIALS AND METHODS
Sterile 18 X 18-mm, glass cover slips were coated with several drops of a solution of 10 nitrocellulose in amyl acetate. Upon evaporation of the solvent a thin, transparent film of polymerized nitrocellulose adhered to each cover slip. Epithelial cell cultures were obtained as epidermal basal cell outgrowths from pieces of split-thickness, adult human skin, comprised of epidermis and less than 1 mm of underlying dermis. Specimens, approximately 2 mm in diameter, were placed dermis side down on the polymer film. Adherence of the explant to the film was facilitated by air drying for 15-20 miin at room temperature. Cover slips with the attached explants were placed on the bottom of a sterile plastic Petri dish and covered with Eagle's Minimal Essential Medium containing 10% calf serum as well as penicillin, streptomycin, and mycostatin (100 units of each per milliliter of culture fluid). The gas phase was equilibrated and maintained with a mixture of 5% CO 2 in air. Cultures were incubated at 37 0 C.
Adult human fibroblasts were obtained from previously established monolayer cultures. The cells were brought into suspension by addition of 1 % trypsin, centrifuged, washed free of the enzyme, and then transferred into Petri dishes containing coated cover slips and culture fluid. Upon settling, they readily attached to the polymer film and grew in the form of a monolayer sheet.
After 8 10 days, polymer-coated cover slips with attached cultures were immersed in buffered 6% glutaraldehyde for fixation. At the cover slip edges the polymer film was lifted with fine forceps; in this way, fixation fluid was allowed to penetrate beneath the film and to float it free of the cover slip. Specimens were postfixed for 2 hr in buffered 1 Os0 4 and dehydrated in alcohol. Dehydration was followed by immersion in propylene oxide, a solvent that dissolves the polymer. The cultured cells, including the attachment zone, remain relatively undisturbed. Specimens were embedded in Epon. Ultrathin sections, cut perpendicular to the surface of the culture, were examined with a Siemens Elmiskop 1A.
For light microscopy, cultures were fixed in Bouin's fluid, detached from the cover slips as described above, embedded in paraffin, sectioned, and stained with hematoxylin and eosin. In this method the polymer film remains intact.
RESULTS

Light Microscopic Observations
As has been described previously, epithelial outgrowths from human skin explants on glass or plastic surfaces may reach a diameter of several millimeters and represent outwandering epidermal basal cells which assume a multilayered pattern of growth (4, 5) . It has also been shown that fibroblasts do not usually appear in this outgrowth (5) . The same type of multilayered epithelial outgrowth is seen in cultures on a film of polymerized nitrocellulose (Fig. 1) . The bottom-most cell layer is in contact with the polymer film, the latter measuring 5-7 gu in thickness. No attachment structures are seen between the cells and the film at this level of resolution. In the fibroblast cultures the cells generally grow as a monolayer in contact with the film and, likewise, no attachment structures are discernible (Fig. 2) .
Electron Microscopic Observations
The epidermal origin of the cells in outgrowths from skin explants is apparent because of the presence of tonofilaments in the cytoplasm (Fig. 3) . Mitochondria and numerous ribosomes are characteristic of basal cells. Intimately associated with the attachment surface of the lowermost cells is an extracellular material not detected by light microscopy. This material was found beneath the entire outgrowth as a continuous film, present even beneath intercellular spaces.
The extracellular material consists of two parts (Fig. 4) . Immediately beneath the epithelial cells is a moderately electron-opaque component, 450 A thick. Beneath this component is a denser narrow component, about 50 A thick. Localized densities are evident in the plasma membranes of the lowermost epithelial cells in apposition to the underlying extracellular material (Fig. 4) . At high magnification (Fig. 5 ) these localized densities are indistinguishable from "half-desmosomes" characteristic of epidermal basal cells in vivo (6, 7) .
In the fibroblast cultures an underlying continuous extracellular material is also seen in close association with the attachment surface of all the cells of the monolayer. In many instances, only the moderately electron-opaque component underlies the cell (Fig. 6) . In other instances, this component is decreased in amount, and an almost empty space of about 450 A separates an underlying, 50-A, dense component from the overlying cell membrane (Fig. 7) .
DISCUSSION
When grown on a film of polymerized nitrocellulose, epithelial cells and fibroblasts do not attach directly to the substratum. Rather. an extracellular material, present at the cell-substratum interface, provides a continuous surface upon which the cells lie and which mediates their attachment to the substratum. The difference in appearance between the extracellular material in epidermal cultures and the extracellular material in fibroblast cultures may be related to loss of material from the delicate fibroblast monolayer culture, even during gentle processing. The nature of this material has not been verified at the present time. It is possible that the material, especially the thinner component, represents a condensate of serum protein from the culture medium at the cell-substratum interface (8) . On the other hand, the material may be synthesized by the overlying cells and may represent the so called "micro-exudate" described by others (9 11) . A third possibility also exists because the thicker component is ultrastructurally similar to the basement lamina of human skin seen in vivo (6, 7) . Thus, this component may represent an attempt to form basement lamina in vitro. Certain studies have suggested that both fibroblasts (12) and epidermal cells (12, 13) contribute to basement lamina formation. This question perhaps can only be resolved by biochemical studies of the isolated extracellular material. is present at the cell-substratum interface. This material appears to implement the attachment of cells to the underlying substratum.
